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1
SUSPENSION SPRING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to German patent appli-

cation no. 102019200048.7 filed on Jan. 4, 2019, the con-
tents of which are fully imncorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

The invention concerns suspension assemblies and 1s
more particularly directed to suspension springs ol suspen-
sion assemblies for vibration energy harvesters.

BACKGROUND OF THE INVENTION

More and more machine parts are being monitored to
determine a condition of the machine part. The monitoring
1s usually done with one or more sensors to measure one or
more physical parameters and transduce these physical
parameters into electrical signals, which signals are possibly
signal processed. To get these signals as raw data, prepro-
cessed data, or just an indication of the condition of the
machine part to a suitable place such as a control room or the
like, there will be some sort of communication unit. In most
cases the communication unit will transfer the imformation
wirelessly. In many of the locations where there 1s a desire
to perform condition monitoring there 1s no power easily
available. A battery then becomes necessary, or if a long-
term maintenance-free sensor unit 1s desired, then some kind
of energy harvester becomes necessary.

Energy harvesting can be done in many different manners.
Solar cell will 1n many cases not work as the machine part
that 1t 1s desired to momnitor 1s most likely 1 an enclosed
space, such as a building. Vibration energy harvesters will
work 1n any environment, light or dark, as long as there are
vibrations available. Since condition monitoring 1s often
done on rotating machine parts, such as shaft and bearings,
vibrations are available. US2015/0180374 and WQO2017/
086785 describe vibration energy harvesters. In theory a
vibration energy harvester will produce energy as long as
there are vibrations, however a vibration energy harvester
comprises moving parts and these moving parts can degrade
quickly 1n very harsh environments with vibrations up to
100 g, such as for example condition momitoring of train
bearings and axels. At the same time 1t 1s desirable that the
condition monitoring equipment does not require mainte-
nance more often than the machine part that they monitor
requires. There 1s still room for improvements.

SUMMARY OF THE INVENTION

An object of the mvention 1s to define a suspension
assembly and 1ts suspension springs, and an energy harvester
comprising such a suspension assembly with its suspension
springs, for harsh environments where high g-forces are
present.

The aforementioned object 1s achieved according to the
invention by an ortho-planar spring having a thickness, a
width, and a length. The thickness 1s at least one order of
magnitude smaller than either the length or the width. The
spring further has across its width a first end and a second
end. The first end and the second end being located at
opposite ends along the length of the spring. The spring
comprises three areas, a first and a second connection area,
and a spring area. The first connection area at the first end
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of the spring spans across the width of the spring and along
a part of the length of the spring from the first end of the
spring. The second connection area at the second end of the
spring spans across the width of the spring and along a part
of the length of the spring from the second end. The spring
area, suitably being rectangular, spans across the width of
the spring and along the length of the spring between the first
connection area and the second connection area. According
to the invention, the spring area comprises at least one slot
having a first endpoint and a second endpoint. The at least
one slot runs along the length of the spring 1n such a way that
the spring 1s 1n one piece without reaching the first end or the
second end.

In some embodiments, the first endpoint enters 1nto the
first connection area and/or the second endpoint enters into
the second connection area of at least one of the at least one
slots.

In some embodiments, at least one of the at least one slot
1s straight at least within the spring area.

In some embodiments, a width of at least one of the at
least one slot 1s constant at least within the spring area.

In some embodiments, the width of the spring 1s constant
least within the spring area.

In some embodiments, the length of the spring 1s larger
than the width of the spring and 1n other embodiments the
width of the spring 1s larger than the length of the spring.

In some embodiments, the spring 1s made of a metallic
material, such as spring steel, while 1n other embodiments
the spring 1s made of a non-metallic material, such as a
polymer.

The diflerent additional enhancements of the ortho-planar
spring according to the invention can be combined 1n any
desired manner as long as no contlicting features are com-
bined.

The atorementioned object 1s further achieved according
to the invention, by a suspension assembly comprising a
suspension frame and a supporting frame. The suspension
frame 1s movably coupled to the supporting frame 1n such a
way that the suspension frame i1s movable, suitably only
substantially in one direction, in relation to the supporting
frame. According to the invention the suspension assembly
further comprises at least two ortho-planar springs as
described above. In some embodiments the suspension
frame 1s movably coupled to the supporting frame by means
of the at least two ortho-planar springs, where two of the at
least two ortho-planar springs are coupled 1n parallel and are
displaced in relation to each other 1n a direction equal to a
major movement direction of the springs and the suspension
frame. The supporting {frame then suitably comprises two
sloped stopper surfaces, each one of the sloped stopper
surfaces being located 1n a vicinity to where a respective one
of the two ortho-planar springs 1s attached to the supporting
frame. Then the suspension frame suitably comprises two
sloped stopper surfaces, each one being located such that
when 1n use each one mates with one corresponding sloped
stopper surface of the supporting frame.

Advantageously the sloped stopper surfaces are angled
such that during use over an operating range of relative
movement between the supporting frame and the suspension
frame, a distance between each pair of mating sloped
surfaces stays substantially the same. This 1s under normal
operating conditions, when subjected to severe shocks and
extreme vibrations, the mating sloped surfaces will collide
and the suspension assembly will momentarily stop operat-
ing. However, since the operating distance between mating
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sloped surfaces 1s very small, 1n the magnitude of 0.1 mm,
the springs/tlexures are only subjected to a limited amount
ol stress.

The different additional enhancements of the suspension
assembly according to the mnvention can be combined 1n any
desired manner as long as no contlicting features are com-
bined.

The atorementioned object 1s further achieved according,
to the mvention by a vibration energy harvester. The har-
vester comprises a suspension assembly with a coil that waill
in use move in relation to a magnetic field due to vibrations
that the suspension assembly 1s subjected to. The harvester
turther comprises an electronics umt that 1s coupled to the
coil and that comprises means to regulate and store energy
generated by the coi1l moving 1n the magnetic field, protec-
tive circuit means to protect the coil and the electronics unit,
and output means to thereby be able to supply energy from
the energy harvester to an energy consumer. According to
the 1nvention, the suspension assembly 1s a suspension
assembly as described above and 1n that magnets are located
fixed 1n relation to the supporting frame of the suspension
assembly.

The atorementioned object 1s further achieved according
to the invention by an ortho-planar spring/tlexure, a suspen-
sion assembly comprising such a flexure, and a vibration
energy harvester comprising such a suspension assembly,
suitable for long-term usage in harsh vibrational environ-
ments. The flexure comprises one or more slots to thereby
create parallel springs with a smaller width that will have
much lower stress levels when subjected to longitudinal
vibrations or shock waves creating large shear forces, and
still have a one-piece flexure for easy mounting.

A primary purpose of the invention 1s to provide an
ortho-planar spring, a flexure, in one piece that can be easily
mountable and still having low-stress levels when subjected
to shear forces. This 1s obtained according to the invention
by creating parallel springs by adding one or more slots. The
flexure according to the invention can advantageously be
used 1n suspension assemblies of a vibration energy har-
vester that are located in harsh environments. Other advan-
tages of this invention will become apparent from the
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be described in more detail for
explanatory, and in no sense limiting, purposes, with refer-
ence to the following figures, in which

FIG. 1 1illustrates an 1sometric view of a suspension
assembly where flexures/springs according to the imvention
are suitably mounted as suspension springs,

FIG. 2 illustrates an 1sometric view of a flexure/spring,

FIG. 3 1llustrates an 1sometric view of a flexure/spring
according to the mvention,

FIG. 4 1llustrates a side view of a suspension assembly
according to another aspect of the mvention,

FIG. 35 1illustrates a graph showing the influence of the
movement of the suspension frame 1n relation to the support
frame 1n view of the sloped stopper surfaces.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

In order to clarily the method and device according to the
invention, some examples of 1ts use will now be described
in connection with FIGS. 1 to 5.
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FIG. 1 illustrates an 1sometric view of a suspension
assembly 100 where flexures/springs according to the inven-
tion are suitably mounted as suspension springs 112, 114.
The suspension assembly 100 comprises a supporting frame
102 and a suspension frame 104. The suspension frame 104
1s suspended 1n the supporting frame 102 by means of one
or more suspension springs/flexures 112, 114. There are
suitably at least two ortho-planar springs 112, 114 to restrict
movement 150 of the suspension frame 102 to a vertical
direction 142 as much as possible. The illustrated suspension
assembly 100 1s intended to be used in a vibration energy
harvester, which would then also comprise a wound coil 1n
the suspension frame and magnets on either side of the
supporting frame 102, creating a moving 150 coil 1 a
magnetic field. When 1n use the supporting frame 102 1s
aligned with gravity 199 such that the suspension frame 104
can move 130 relative to the supporting frame 102 when
there are vibrations in the vertical direction 142. In a
preferred the characteristics of the suspension springs 112,
114, 1n relation to the total weight of the suspension frame
104 with a coil, are such that when 1n rest, the suspension
frame 104 attains a neutral position such that within the
restrictions of two stoppers 122, 124 1t can move 150. When
the supporting frame 102 1s subjected to vibrations in the
vertical direction 142, the supporting frame 102 with the
magnets will move with the vibrations and due to the
characteristics of the suspension springs 112, 114, the sus-
pension frame 104 will react dynamically to said vibrations,
creating a relative movement between the coil and the
magnets. The stoppers 122, 124, here 1llustrated as being
part of, or attached to, the suspension frame 104 can of
course also be wholly or 1n part being part of, or attached to,
the supporting frame 102. The stoppers 122, 124 are to
restrict the vertical 142 movement 1350 of the suspension
frame 104 in relation to the supporting frame 102 when
vibrations or shock waves 1n the vertical direction 142
becomes so large that the suspension springs 112, 114 would
be subjected to damaging stresses. In this embodiment the
stoppers have a second use of being the connection/clamp-
ing points of the suspension springs 112, 114 onto the
suspension frame 104.

Ideally vibrations would only appear 1n the vertical direc-
tion 142. However, vibrations and shock waves might also
appear 1n a longitudinal direction 144 and a transverse
direction 146, especially in harsh environments such as
being mounted on a freight railway bearing. The suspension
frame 104 will to some degree restrict movement of 1tself 1n
the longitudinal direction 144, but there must be a balance
between restricting movement 1n the longitudinal direction
144 and the play needed between the coil and the magnets
to not restrict movement 150 1n the vertical direction 142.
The longitudinal direction 144 relative movement between
the suspension frame 104 and the supporting frame 102
causes extremely harmiul shear forces on the suspension
springs 112, 114 resulting in high-stress levels that cause
matenal fatigue. A high amount of cycles at high-stress
levels will degrade the performance of the suspension
springs 112, 114 and eventually cause them to break. Any
vibrations or shock waves 1n the transversal direction 146
are being restricted by only a play existing between the
supporting frame 102 and the suspension frame 104. Even
though the play might be small, 11 the shock waves and
vibrations 1n the transverse direction 146 are large and
frequent, they can cause severe damage to the suspension
springs 112, 114 due to being subjected to high-stress levels.

FIG. 2 illustrates an 1sometric view of an ortho-planar
flexure/spring 212. The flexure 212 i1s a flat piece that 1s
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divided into three areas as divided by two lines 272, 278.
There 1s a first connection/clamping area 232, a spring area
234, and a second connection/clamping area 238. Only the
spring area 234 functions as a spring and the characteristics
of 1t depends on the length 264, width 2635, thickness 262,
and the material 1t 1s made of. The material 1s most com-
monly a metal, such as spring steel. The two connection/
clamping areas 232, 238 are for connection and they are
assumed for this illustration to be clamped stiff at the
connection points up to each respective line 272, 278 across
the width 265 of the flexure 212. In use, 11 a suspension
assembly according to FIG. 1, one flexure 212 will be used
tor each of the two suspension springs 112, 114. For the sake
of this description, it 1s chosen that for each flexure 212 the
connection/clamping area 238 1s clamped into the support-
ing frame 102 and the connection/clamping area 232 1is
clamped 1nto the suspension frame 104. It can be the other
way around since the flexure 1s the same 1n relation to both
sides. The end of each flexure 212 that 1s clamped to the
supporting frame 102, will be fixed 1 relation to the
supporting frame 102. The end of each flexure 212 that 1s
clamped to the suspension frame 104 will move 250 together
with the suspension frame 104.

As mentioned above, vibrations and shock waves in the
longitudinal direction 244, can cause problems, especially 1in
harsh environments such as train applications, where shock
waves up to a 100 g can appear, and thereby causing
enormous shear stresses on the flexure 212. This can result
in fatigue of the flexure 212, resulting 1n a limited usable life
of the flexure 112 and thus of the suspension assembly 100
and of a vibration energy harvester comprising these coms-
ponents.

FIG. 3 illustrates an isometric view of an ortho-planar
flexure/spring 315 according to the invention. The flexure
315 according to the mvention comprises one Or more
parallel straight slots, in the 1llustrated embodiment there are
two parallel straight slots 317, 318 evenly distributed. In
other embodiments, one or more of the slots can be non-
straight, such as wavy or curved. In still other embodiments
the one or more slots are not evenly distributed, giving each
of the springs different characteristics.

The flexure 315 i1s 1n this embodiment divided into five
different areas as divided by two lines 372, 378, and the two
slots 317, 318. The five areas comprise a first connection/
clamping arca 332, three spring areas 335, 336, 337, and a
second connection/clamping area 338. The straight slots
317, 318 will cross the two lines 372, 378 and enter into the
connection/clamping areas 332, 338. When 1n use, ends of
the straight slots 317, 318 will not be visible and 1n this
embodiment, 1t will look like there are three independent
ortho-planar tlexures/springs. In other embodiments, the one
or more slots will not cross one or both of the two lines 372,
378, creating a combination of serial and parallel springs.
Only the spring 315 areas 335, 336, 337 function as springs
and the characteristics of them depend on the length 364,
width of each respective one 366, 367, 368, thickness 362,
and the material 1t 1s made of. The width of each slot can be
constant or varying. The material 1s most commonly a metal,
such as spring steel.

The three spring areas 335, 336, 337 act as a set of three
parallel springs. The number of parallel springs can be just
two with having just one slot, or there can be more parallel
springs by introducing more straight slots. By having par-
allel springs, there will be a reduced stress on each one of the
springs in comparison to the ortho-planar flexure/spring as
illustrated 1n FIG. 2. When there are vibrations or shock
waves 1n the shear direction 344 of the flexure 315 there 1s
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a significantly reduced stress as in that direction the stress as
the second moments of area 1s reduced significantly. This
will result i a longer life expectancy of the flexure in
relation to having a flexure according to FIG. 2. One way of
attaining the same characteristic in the motion direction 350

as the flexure of FIG. 2, with the thickness 362 being the

same, then the spring areas should also be the same, that 1s
the flexure 315 can for example be wider by the added
widths 369 of all the slots 317, 318.

A big advantage 1s also that the flexure 1s still a single
piece, which enables the assembly to be done as a single
flexure, but 1t acts after assembly as a set of multiple parallel
Springs.

The two connection/clamping areas 332, 338 are for
connection and they are assumed for this illustration to be
clamped stifl at the connection points up to each respective
line 372, 378 across the width of the flexure 315, creating
three independent parallel springs. In use, 1n a suspension
assembly according to FIG. 1, a flexure 3135 will be used for
cach of the two suspension springs 112, 114.

For this embodiment 1t 1s chosen that for each flexure 315
the connection/clamping area 338 1s clamped 1nto the sup-
porting frame 102 and the connection/clamping area 332 1s
clamped into the suspension frame 104. It can be the other
way around since the flexure 1s the same seen from either
side. The end of each flexure 315 that 1s clamped to the
supporting frame 102, will be fixed 1n relation to the
supporting frame 102. The end of each flexure 315 that 1s
clamped to the suspension frame 104 will move 350 together
with the suspension frame 104.

FIG. 4 illustrates a side view of a suspension assembly
400 according to another aspect of the mvention to espe-
cially be able to handle undesired transverse 446 vibrations
and shock waves. The suspension assembly 400 comprises
a supporting frame 402 and a suspension frame 404. The
suspension frame 404 1s suspended 1n the supporting frame
402 by means of one or more suspension springs 412, 414.
When the supporting frame 402 1s aligned with gravity 499
the suspension frame 404 can move 450 relative to the
supporting frame 402. The suspension frame 404 suitably
has a neutral position within the restrictions of two stoppers
422, 424.

Ideally vibrations would only appear 1n the vertical direc-
tion. However vibrations and shock waves might also appear
in a transverse direction 446, especially 1 harsh environ-
ments such as being mounted on a freight railway bearing.
Any vibrations or shock waves 1n the transversal direction
446 are being restricted by a distance existing between the
supporting frame 402 and the suspension frame 404. Bend-
ing stresses of the tlexures 412, 414 will be increasing until
the suspension frame 404 hits the supporting frame 402 on
the flexure side.

Even though the distance might not be very big, if the
shock waves and vibrations in the transverse direction 446
are large and frequent, they can cause severe damage to the
suspension springs 412, 414 due to being subjected to large
bending stresses. So according to the other aspect of the
invention, the distance between the suspension frame 404
and the supporting frame 402 can be made very small in a
controlled manner over the operating range movement 450
of the suspension frame 404 by mating sloped surfaces.

The sloped stopper surfaces 481, 483, 485, 487 are also
used during assembly of a suspension frame 404 1n a
supporting frame 402. The assembly of the suspension
springs/tlexures 412, 414, 315 as connection points between
a suspension frame 404 and a supporting frame 402 1s done
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with the aid of an assembly tool. The flexures 412, 414, 315
are 1n a straight position during assembly.

The assembly tool restrains the suspension frame 404
such that in relation to the supporting frame 402 it can only
move 1n the transverse direction 446. Suitably shims are
used between the mating sloped stopper surfaces 481, 483,
485, 487 to be able to attain a desired small distance between
the mating sloped surfaces 481, 483, 485, 487 when 1n use.
With shims between the mating sloped stopper surfaces 481,
483, 485, 487 the suspension frame 104 1s moved in the
transverse direction 446 towards the sloping stopper sur-
taces 483, 487 of the supporting frame 402. The suspension
springs/flexures 412, 414, 3135 are then fastened to the
supporting frame 401 and the suspension frame 404.

FIG. 35 1illustrates a graph showing the influence of the
movement of the suspension frame 1n relation to the support
frame 1n view of the sloped stopper surfaces.

Referring to both FIG. 4 and FIG. 5, the negative y-axis
513 represents an oflset vertical movement 4350 of the
suspension frame 404 over 1ts operating range 520, with an
indicated suitable balance position 521 of the suspension
frame 404. The negative x-axis 511 represents an oilset
transversal 446 distance between the suspension frame 404
and the supporting frame 402.

When the suspension frame 404 moves 450 up and down,
the suspension frame 404 does not move 1n a straight line,
but a slightly curved line 541. This 1s the result of the
so-called parasitic motion that 1s due to the flexures 412, 414
bending. The flexures’ 412, 414 connection points with the
suspension frame 404 will follow a slightly bent curve, see
541 1 FIG. 5. This would result 1n a gap between the
suspension frame 404 and the supporting frame 402 to vary.
According to this other aspect of the invention, the surfaces
481, 483, 485, 487 between the suspension frame 404 and
the supporting frame 402 that are closest to each other, have
linear matching slopes 551 on both sides. The linear slope 1s
such that over the operating range 520 of the suspension
frame, the gap 525 between mating surfaces 481 4835 of the
suspension frame 404 and the mating surfaces 483, 487 of
the supporting frame 402 1s fairly constant, varying very
little.

This results in several advantages. The gap distance
between the mating surfaces 481, 483, 485, 487 can be
properly controlled and made to be extremely small. This
leads to lower stresses of the flexures 412, 414 when there
are vibrations or shock waves in the transversal direction
446. This will give the flexures 412, 414 a longer lifetime.

The invention 1s based on the basic inventive i1dea of
including one or more slots 1n a flexure to thereby create
parallel springs with a smaller width that will have much
lower stress levels when subjected to longitudinal vibrations
or shock waves and still have a one-piece flexure for easy
mounting. The invention 1s not restricted to the above-
described embodiments but may be varied within the scope
of the following claims.

REFERENCE ELEMENT LISTING

FIG. 1 illustrates an 1sometric view of a suspension
assembly where flexures/springs according to the mvention
are suitably mounted as suspension springs:

100 Suspension assembly,

102 Supporting frame,

104 Suspension frame,

112 First suspension spring,

114 Second suspension spring,

122 Upper stopper,
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124 Lower stopper,
142 Vertical direction

144 Longitudinal direction
146 Transverse direction
150 Direction of suspension frame movement,

199 Gravity

FIG. 2 illustrates an 1sometric view of a flexure/spring:

212 Flexure/spring,

232 Connection/clamping area to a suspension irame,

234 Flexure/spring area,

238 Connection/clamping area to a supporting frame,

244 Longitudinal direction,

250 Flexure/spring and a connected suspension frame
direction of movement when 1n use,

262 Thickness of Flexure/spring,

264 Length of flexure/spring area,

265 Width of flexure/spring area,

272 Flexure/spring area border to connection/clamping
area ol a suspension frame,

278 Flexure/spring area border to connection/clamping
area ol a supporting frame.

FIG. 3 illustrates an 1sometric view of a flexure/spring

according to the mvention:

315 Flexure/spring according to the invention,
317 First slot,

318 Second slot,

332 Connection/clamping area to a suspension frame,

335 First tlexure/spring area,

336 Second flexure/spring area,

337 Third flexure/spring area,

338 Connection/clamping area to a supporting frame,

344 Longitudinal direction,

350 Flexure/spring and a connected suspension frame
direction of movement when 1n use,

362 Thickness of Flexure/spring,

364 Length of flexure/spring areas,

366 Width of the first flexure/spring area,

367 Width of the second flexure/spring area,

368 Width of the third flexure/spring area,

369 Width of the slots between the flexure/spring areas,

372 Flexure/spring areas border to connection/clamping,
area ol a suspension frame,

378 Flexure/spring areas border to connection/clamping,
area of a supporting frame.

FIG. 4 illustrates a side view of a suspension assembly

according to another aspect of the mvention:

400 Suspension assembly,

402 Support frame,

404 Suspension frame

412 First suspension spring,

414 Second suspension spring,

422 Upper stopper,

424 Lower stopper,

446 Transverse direction,

450 Flexure/springs and the connected suspension frame
direction of movement when 1n use,

481 First sloped stopper surface on the suspension frame,

483 First sloped stopper surface on the support frame
mating with the first sloped stopper surface on the
suspension frame,

485 Second sloped stopper surface on the suspension
frame,

487 Second sloped stopper surface on the support frame
mating with the second sloped stopper surface on the
suspension frame,

499 Gravity.
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FIG. 5 illustrates a graph showing the influence of the
movement of the suspension frame 1n relation to the support
frame 1n view of the sloped stopper surfaces:

511 An oflset transverse distance between the support

frame and the suspension frame,

513 An oflset vertical distance between the support frame
and the suspension frame,

520 Working range of the suspension frame,

521 Midpoint of working range,

5235 Gap distance between the sloped stopper surfaces of
the on the suspension frame and the sloped stopper
surfaces of the support frame,

531 Working range limit,

539 Suitable distance/place of the lower stopper,

541 Parasitic movement of the suspension frame,

551 Slope of sloped surfaces.

The invention claimed 1s:

1. An ortho-planar spring having a spring thickness, a
spring width, and a spring length, the spring thickness being
at least one order of magnitude smaller than either the spring
length or the spring width, the ortho-planar spring further
having a first end and a second end, the first end and the
second end being located at opposite ends of the spring
length, and wherein the ortho-planar spring comprises three
areas:

a first connection area at the first end of the ortho-planar
spring spanning across the spring width and along a
first part of the spring length from the first end, the
ortho-planar spring being a flat piece,

a second connection area at the second end of the ortho-
planar spring spanning across the spring width and
along a second part of the spring length from the second
end,

and a spring area spanning across the spring width 1 a
longitudinal direction and along the spring length
between the first connection area and the second con-
nection area, wherein

the spring area comprises at least one slot which 1s free of
material therein, the at least one slot having a first slot
endpoint and a second slot endpoint, the at least one
slot running along the spring length 1n such a way that
the ortho-planar spring i1s in one piece, the first slot
endpoint being in the first connection area and the
second slot endpoint being in the second connection
area.

2. The ortho-planar spring according to claim 1, wherein

the spring area comprises at least two slots.

3. The ortho-planar spring according to claim 1, wherein
at least one of the at least one slot 1s straight at least within
the spring area.

4. The ortho-planar spring according to claim 1, wherein
a slot width of at least one of the at least one slot 1s constant
at least within the spring area.

5. The ortho-planar spring according to claim 1, wherein
the spring width 1s constant at least within the spring area.

6. The ortho-planar spring according to claim 1, wherein
the spring length 1s larger than the spring width.

7. The ortho-planar spring according to claim 1, wherein
the at least one slot extending entirely 1n the longitudinal
direction with a constant thickness, as measured 1n a direc-
tion perpendicular to the longitudinal direction, along an
entire slot length.

8. An ortho-planar spring having a spring thickness, a
spring width, and a spring length, the spring thickness being
at least one order of magnitude smaller than either the spring
length or the spring width, the ortho-planar spring further
having a first end and a second end, the first end and the
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second end being located at opposite ends of the spring
length, and wherein the ortho-planar spring comprises three
areas:

a first connection area at the first end of the ortho-planar
spring spanning across the spring width and along a
first part of the spring length from the first end, the
ortho-planar spring being a flat piece,

a second connection area at the second end of the ortho-
planar spring spanning across the spring width and
along a second part of the spring length from the second
end,

and a spring area spanmng across the spring width 1 a
longitudinal direction and along the spring length
between the first connection area and the second con-
nection area, wherein

the spring area comprises at least two slots each of which
1s free of material therein, the at least two slots each
having a first slot endpoint and a second slot endpoint,
the at least two slots each running along the spring
length 1in such a way that the ortho-planar spring 1s 1n
one piece, the first slot endpoint being in the first
connection area and the second slot endpoint being 1n
the second connection area.

9. The ortho-planar spring according to claim 1, wherein

the ortho-planar spring 1s made of a metallic material.

10. The ortho-planar spring according to claim 8, wherein

the ortho-planar spring 1s made of a non-metallic matenal.

11. A suspension assembly comprising:

a suspension irame, and

a supporting frame, the suspension frame being movably
coupled to the supporting frame in such a way that the
suspension frame 1s movable 1n relation to the support-
ing {rame, wherein

the suspension frame 1s movably coupled to the support-
ing frame by means of at least two ortho-planar springs
cach having a spring thickness, a spring width and a
spring length, the spring thickness being at least one
order of magnitude smaller than either the spring length
or the spring width, the at least two ortho-planar springs
cach further having a first end and a second end, the
first end and the second end being located at opposite
ends along the spring length, and wherein the at least
one ortho-planar spring comprises three areas:

a first connection area at the first end of each of the at least
two ortho-planar springs spanning across the spring
width and along a first part of the spring length from the
first end,

a second connection area at the second end each of the at
least two ortho-planar springs spanning across the
spring width and along a second part of the spring
length from the second end,

and a spring area spanmng across the spring width 1 a
longitudinal direction and along the spring length
between the first connection area and the second con-
nection area, wherein
the spring area comprises at least one slot which 1s free

ol material therein, the at least one slot having a first
slot endpoint and a second slot endpoint, the at least
one slot running along the spring length 1n such a
way that the at least one ortho-planar spring 1s 1n one
piece, the first slot endpoint being in the first con-
nection area and the second slot endpoint being 1n
the second connection area,

wherein the suspension frame 1s coupled to the supporting
frame with the at least two ortho-planar springs coupled
in parallel and are displaced in relation to each other 1n
a direction equal to a major movement direction of the
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at least two ortho-planar springs and the suspension
frame, the supporting {frame having two sloped stopper
supporting frame surfaces, each the two sloped stopper
supporting frame surfaces being located 1n a vicinity to
where a respective one of the at least two ortho-planar
springs 1s attached to the supporting frame, the suspen-
s1on frame having two sloped stopper suspension frame
surfaces, each being located such that when 1n use each
mates with a corresponding one of the two sloped
stopper supporting frame surfaces, wherein the two
sloped stopper supporting frame surfaces and the two
sloped stopper suspension frame surfacese are angled
such that during use over an operating range of relative
movement therebetween a distance between each pair
ol opposing mating sloped surfaces stays substantially
the same.

12. The ortho-planar spring according to claim 11,
wherein the at least one slot extending entirely 1n the
longitudinal direction with a constant thickness, as measured
in a direction perpendicular to the longitudinal direction,
along an entire slot length.

13. A suspension assembly comprising:

a suspension frame, and a supporting frame, the suspen-
sion frame being movably coupled to the supporting
frame 1n such a way that the suspension frame can
move 1n relation to the supporting frame, the support-
ing frame being rectangular 1n shape, wherein

the suspension frame 1s movably coupled to the support-
ing frame by means of at least two ortho-planar springs
cach having a spring thickness, a spring width, and a
spring length, the spring thickness being at least one
order of magnitude smaller than either the spring length
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or the spring width, the at least two ortho-planar springs
cach being rectangular in shape, each of the at least two
ortho-planar springs further having across the spring
width a first end and a second end, the first end and the
second end being located at opposite ends of the spring
length, and wherein each of the at least two ortho-
planar springs comprises three areas:

a first connection area at the first end and spanning across

the spring width and along a part of the spring length
from the first end,

a second connection area at the second end thereot

spanning across the spring width and along a part of the
spring length from the second end,

and a spring area spanning across the spring width and

along the spring length between the first connection

area and the second connection area, wherein

the spring area comprises at least two slots each having
a first endpoint and a second endpoint, the at least
two slots running along the spring length 1n such a
way that each of the at least two ortho-planar springs
15 1n one piece, the first slot endpoint being 1n the first
connection area and the second slot endpoint being
in the second connection area, and

magnets being fixed 1n relation to the supporting frame of

the suspension assembly, wherein the suspension frame
1s coupled to the supporting frame with the at least two
ortho-planar springs coupled in parallel and are dis-
placed 1n relation to each other 1n a direction equal to
a major movement direction of the at least two ortho-
planar springs and the suspension frame.
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